This study aimed to analyze the association of midpalatal suture (MPS) maturation stages with skeletal maturation and age and to obtain references for establishing a treatment plan for rapid maxillary expansion (RME).
Ⅰ. Introduction
Rapid maxillary expansion (RME) has been used to expand the transverse dimension and correct the transverse discrepancy [1, 2] . The therapeutic effect of RME is manifested by skeletal and dentoalveolar effects. Skeletal expansion is the widening of the maxilla by opening the midpalatal suture (MPS), whereas dentoalveolar expansion involves dental tipping and bending of the alveolar process [3] . RME is aimed at maximizing the skeletal effect and reducing the dentoalveolar effect, which may be accompanied by side effects, such as loss of periodontal attachment level, fenestration of buccal cortical bone, root resorption, and palatal tissue necrosis [4] [5] [6] [7] [8] [9] [10] [11] .
However, as the MPS matures and interdigitation increases, the skeletal effect of RME decreases and dentoalveolar effect increases [12] . To evaluate the maturation of MPS and predict the effect of RME, Angelieri et al. [13] proposed a classification method for the assessment of MPS morphology using Cone-
Beam Computed Tomography (CBCT) images. However, routine
CBCT in all children and adolescents may entail unnecessary ra-diation exposure. The use of a reliable indicator to predict MPS maturity can reduce radiation exposure in pediatric patients.
Furthermore, other studies investigated the association between MPS maturation stages and skeletal development and distribution of these maturation stages according to chronological age [13] [14] [15] . Among the methods evaluating skeletal development, cervical vertebral maturation indicator (CVMI) has been proven to be statistically and clinically reliable [16] .
Although chronological age does not reflect individual variation, it is the most intuitive and easy to use parameter because it does not need additional examination for evaluation.
In this study, we evaluated single racial children and adolescents, Asians only, and tried to obtain more reliable data by increasing the population size unlike previous similar studies which included western children and adults with fewer sample sizes [13] [14] [15] .
This study aimed to analyze the association of MPS maturation stages with CVMI and chronological age by evaluating the MPS morphology using CBCT images in children and adolescents and to obtain references for establishing a treatment plan for RME.
Ⅱ. Materials and methods
This retrospective study was conducted at the Ewha Wom- The MPS maturation stages were evaluated in the axial plane according to the method of Angelieri et al. [13] , which is based on the shape of the intermaxillary bone (Fig. 1) . CVMI proposed by Baccetti et al . [16] was assessed on the sagittal plane to evaluate skeletal maturation. All images were ob- 
Ⅲ. Results
The kappa coefficients for the evaluation of intra-examiner As shown in Table 2 Fig. 3 and 4) . 
Ⅳ. Discussion
The assessment used in this study includes the classification of MPS maturation into five stages in the axial plane of CBCT images [13] . The evaluation is easier and more reproducible with CBCT than with occlusal radiographs; radiological interpretation of MPS morphology can be complicated by overlapping of anatomical structures, such as the vomer, nasal septum, and anterior nasal spine [17] .
Conventional RME can be performed with less resistant forces and could have more skeletal effects at MPS maturation stages A and B than those at stage C, in which many initial ossification areas are present along MPS [18, 19] . Conventional RME is still possible but may have fewer skeletal effects at stage C, limited skeletal expansion (confined to the anterior region of the maxilla) at stage D, and only dentoalveolar effects at stage E [14] . Therefore, when maxillary expansion is necessary, treatment should begin during stage A or B.
The method proposed by Baccetti et al . [16] was used to assess CVMI. According to the results of previous research, cervical vertebral maturity assessment with CBCT is reliable,
showing very strong correlation with the results obtained using lateral cephalography [20] . Therefore, in this study, CVMI assessment was conducted with CBCT images in the sagittal plane.
The correlation coefficient between CVMI and MPS matura- Although most subjects (87.1%) with CVMI 4, which is immediately after the pubertal growth spurt, exhibited unfused MPS, more than half of these subjects had MPS maturation stage C. These results confirmed the findings of previous studies that the skeletal effect decreases and dentoalveolar effect increases when RME is applied after the growth spurt [21] .
More than half of the subjects with CVMI 5 and 6 exhibited MPS fusion (stage D and E). If MPS shows partial or complete fusion, miniscrew or surgically assisted RME should be considered, because conventional RME may result in adverse effects [22] . However, such an RME without further evaluation is excessively invasive, because almost half of the subjects with CVMI stages 5 and 6 (48.3% and 40.6%, respectively) exhibited unfused MPS. This result corresponds to previous findings that the periods of initiation and completion of MPS maturation vary widely among individuals, especially in young adolescents [17] [18] [19] 23, 24] . Therefore, to minimize the adverse effects of dental expansion and avoid unnecessary invasive procedures for patients with CVMI 5 and 6, CBCT should be performed for determining the appropriate type of RME.
Although some researchers have claimed that ossification of MPS is not significantly related to chronological age [12, 17, 18, 24] , the correlation between MPS maturation stage and chronological age in this study was considerably high; the correlation coefficients were 0.499 in boys and 0.560 in girls. Angelieri et al. [14] reported similar results, stating that for adolescent and young adult patients, chronological age is almost as equally accurate as skeletal maturity in predicting the MPS maturation stages and could be used as an alternative to CVMI. In boys, the stages of MPS fusion were not observed until the age of 12 years, which suggested that the skeletal effect obtained with conventional RME could be sufficient. Stage D (characterized by fusion of the palatal region) was observed in 14.8 -26.9% of subjects aged 13 -15 years,
whereas stage E was not observed at any age. In girls, the stages of MPS fusion were rarely observed until the age of 12 years, except one case in subjects aged 11 -12 years. Therefore, the use of conventional RME could be recommended up to the age of 12 years in girls. At the age of 13 years, 29.6% of subjects demonstrated MPS fusion, and 70.4% still exhibited an unfused MPS, thus the use of conventional RME could be possible and the expected skeletal effects are fewer than those observed at younger ages. At 14 and 15 years of age, 65.4%
and 57.2% of girls, respectively, demonstrated MPS fusion.
In a study on the growth rate of maxillary suture, Björk [25] reported that the suture fusion exhibited a pubertal spurt, similar to skeletal growth, after several months than the height growth spurt. The pubertal growth spurt in girls is generally approximately 2 years earlier than that in boys; in this study, MPS fusion stages also appeared 2 years earlier in girls than in boys.
The results of this study indicated that CVMI can be reliably used to predict the maturity of MPS. However, the evaluation by chronological age alone is limited because initiation and period of maximum growth spurt vary by races, genders, and individuals [26, 27] . Nevertheless, because the chronological age was also correlated relatively highly (0.499 -0.560) with the stages of MPS maturation, it would be used as a simple and fundamental parameter when it is difficult to evaluate skeletal maturity.
The significance of this study is that it focused on Asian children and included a large population to obtain reliable references for establishing the plan of treatment for RME. However, it was limited by the fact that the number of patients exhibiting the last stage of MPS fusion was less because this study included only children and adolescents aged 7 -15 years.
Therefore, further studies complementing these findings may yield clinically useful data.
Ⅴ. Conclusions
Based on our findings, conventional RME may produce the most favorable skeletal effect in patients with CVMI 1 -3 or those up to 12 years of age. Conventional RME may be performed, in spite of fewer skeletal effects, in patients with CVMI 4 or at the age of 13 years in girls and 13 -15 years in boys.
It is recommended that MPS maturation stage be evaluated with CBCT before RME in patients with CVMI 5, 6 or at the age 
